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(54| 4-Phenyiphthalazine 
derivatives 

(57i 4-phenylphthalazine derivatives 
of formula (1). and represented^ 
pharmaceutical^ acceptable salts 
thereof have potent inhibitory 
activities against platelet aggregation 




wherein X is NH or 0; R\ R 2 and R 3 are 
each alkyl, alkox>, haiogen. 
alkoxycarbonyl, carboxyl. 
iTtkylcarbonyl group, hydroxyl. 
trifluoromethyl. and R ! can also be 
cyano. I, m and n are each 0. 1 , 2 or 3 
(provided that I = 1 to 3 and 
m = n = zero when X is 0. and the 
case where I — m = n = zero is : 
excluded, when X is NH). 



SPECIFICATION 

4-phenylphth8lazine derivatives 

This invention relates to a 4-phenylphthalazine derivative represer.tei.l by the following formula [I] 
or a pharmaceutical^ acceptable salt thereof: 



tin 




• [il. 



wherein X stands for NH or 0: R' an alkyl group having 1 to 5 carbon atoms, an alkoxy group 
.laving 1 to 5 carbon atoms, a halogen atom, an alkoxycarbonyl group having 2 to 6 total carbon 
■ " u'T' 5 ' a carbox Y'-9 r °up. a cyano group, an alkylcarbonyl group having 2 to 4 total carbon atoms 3 
• hydroxyl group or a trifluorornethyl group: H 1 and R 3 . which may be identical or different (may also 

.10 be the same as or different from R'). each represent an aikyl group having 1 to 5 carbon atoms an 
alkoxy group hav.ng 1 to 5 carbon atoms, a haiogen atom, an alkoxycarbonyl group having 2 to 6 
total carbon atoms, a carboxyl group, an alkylcarbonyl group having 2 to 4 total carbon atoms a 
hydroxyl group or a tnfluoromethyl group: and each of I. m and n is an integer of zero to 3' ' 
(provioed that 1=1 to 3 and m=n=zero when X is 0. and the case where !-m=n=ze-o ii exduded • 
1 5 when X rs NH). each plural number of R'. R J and R 3 being identical or different when the integers I 
m and n are two or more. . ' 

and also to a process for producing the same. 

As 4-phenylphthalazine derivatives analogous to those of the present invention there have 
heretofore been known l-anilino-4-phenylphtha;azine(Ber.. 55.3923(1 90S)] 1-phenoxy-4- ' 
^0 phenyjphthalazine [Journal of Pharmacology. 88. 83 (1 9681. 1-[2-(2-methylailyl)-phenoxy]-4- 
pheny phthalaz.ne. H2-allylphenoxyj-4-phenylphthaiazine [Chem. Fharm: Bull. 24 1581—1595 
19 76)1. These compounds are disclosed merely as intermediates and there is nothing done about uses 
hT 0 . Mh* | C0 ! np0undS 1 -^-'^^e'hylallyiJphenoxYl^-phenylphthalazine and 1 -(2-allylphenoxy)-4- 
_ phenylph:..3.3z:ne are liable to undergo ring-closure reaction or other undesirable reactions due to the 
^5 presence of double bonds in the substituents. whereby structural changes are caused 

, ... ° n w th6r , h u?. d - StUd!eS have been made about 1-3lkylamino-4-phenylphthalazine derivatives 
l-alkoxy-4-phenylphthalaz.ne derivative (J. Med.Chem. 72. 555 (1 969)] and 1-(piperazine-1-yl)-4- 
phenylphthalazine derivative (Japanese Patent Publication 39944/1 973) for their uses ;?s 

antiinflammatory agents. However, there is no description about 1-anilino derivatives and 1-phenoxy - 
ou derivatives. r j 

The present inventors have successfully synthesized the novel compounds represented by the 
above formula [U which have not been described in literatures. They have further progressed their 
studies to find out that these compunds have potent inhibitory activity against platelet aggregation. 
35 * u ' ^ conn P ounds of the present invention are considered to be applicable for prevention or therapy 
= of the diseases induced by increased platelet aggregation ability such as cerebral thrombosis, cerebral 
infarction, myocardial infarction and arteriosclerotic diseases. It is therefore the primary object of the 
present invention to provide a novel compound represented by the formula [II having a potent inhibitory 
activity against platelet aggregation. ; 

The compound according to the present invention is represented b- the following formula [i]: 
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wherein aM the symbols have the same meanings as defined above. 

In the above formula [I], the alkyl group as represented by R\ R 2 ind R 3 may be exemplified by 
methyl. .ethyl, propyl, iso-propyi. n-butyl, t-butyl and amyl. Typical e tanples of the alkoxy group are 
methoxy, ethoxy. propoxy. butoxy and amyloxy. As a halogen atom, th::re may be mentioned fluorine, 
* 5 chiorine, bromine and iodine. The atkoxycarbohyl group may Include-', for example, mtthoxycarbcnyl, 
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, smyloxyct .bonyi. c;c. As the alkylcarbonyl group, 
there may be used acetyl, propionyl. butylyl or others. 

In the compounds of the present invention. R 1 may preferably be an alkyl group, an alkoxy group, a, 
halogen atom or a trifluoromethyl group. On the other hand, R J may preferably be an alkyl group, an 
10 alkoxy group or a halogen atom, while R 3 an alkyl group. 

In the above formula [ij, each of the integers represented by I, m and n may be variable from zero 
to 3. But there are some restrictions depending on the species of X. When X represents 0 {an oxygen 
atom), both m and n are required to be zero, while I may be variable from V to 3. Cn the other hand, 
when X represents NH group, the case where all of the integers are zero is excluded; in other words, 
1 5 there is at 'east one substituent on the aromatic nuclei. Thus, when X is NH. there are so many possible 
combinations in number of the substituents on the aromatic nuclei. Among them, the following four 
combinations are found to be particularly preferred: ■ 

0) 1=1 to 3. m=n=zero; 

(2) 1=1 to2.m=1 to 2. n=zero; 

20 ' (31 1=1 to 2. m=zero, n=1 to 2; and 

. (4} I=m=zero. n=1 to 2. 

Also, when X is 0. 1 is preferred to be 1 or 2, while m=n=0. ' ' 

The compound represented by the formula [I] can also forrrva pharmaceutically acceptable salt 
through the reaction of the basic nitrogen thereof with an acid. For example, there may be mentioned 
25 salts with mineral acids such as hydrogen chloride, sulfuric acid, hydrobrobromic acid, phosphoric acid, 
. etc. or methanesulfonic acid, toiuenesulfonic acid, benzenesulfonic ac'd, acetic acid, glycolic acid, 
glucuronic acid, maleic acid, oxalic acid, ascorbic. acid, citric acid, salicylic acid, and so on. 

In the following, there are enumerated concrete examples of the compounds represented by the 
formula [ll. ..... 

30 Compound No. Name of Compound 

(I) i-(4-Methylanilino)-4-pheny!phtha!azine 

(3) 1-(2-Methy!anilino)-4-phenylphthalazine 

(4) 1-{4-EthyIaniIinoJ-4-phenyIphthaIaztne 
35 (5) 1-i'2-E;hylanilino)-4-phenylphthaIazine 

(6) 1 -(4-n-ButyIanilino)-4-phenylphthalazine 1 

(7) 1-(3-n-3utylanilino)-4-phenyfphtha!azine 

(8) l-{4-t-ButyIaniIino)-4-phenyiphthaIazine 

(9) 1-(4-Meihoxyaniiino)-4-phenylphthaIazine * 
40 (10) 1-(3-Methoxyanilino)-4-phenylphthalazine ' . 

(II) 1-(3-Propoxyanilino)-4-pheny!phthaIazine 

(12) 1-(4-n-ButoxyaniIino)-4-phenylphthalazine 

(13) 1-(4-FIuoroanilino)-4-phenylphthalazine 

(14) 1-(3-Fluoroanitino)-4-phenylphthalazine 
45- (15) 1-(2-FIuoroaniIino)-4-phenyIph'.halazine 

(16) 1-{4-ChIoroani!ino)-4-phenyiphthal?zine 

(17) 1-(3-Ch!oroaniIino)-4-phenylphthalazine 

(18) 1-(2-Chloroanilino)-4-pheny!phthaIazine 

(19) 1-(4-Bromoaniiino)-4-phehylphthaIazine 
50 (20) 1-(3-BromoaniIino)-4-phenylphthaIazine 

(21) 1-4-lodoaniIino)-4TphenyIphtha!azine 

(22) 1-(3-lodoaniIino)-4-phenyIphthalazine 

(23) 1 -(4-Ethoxycarbonylanilino!-4-phenyiphthalazine 

(24) 1-{4-Carboxylanilino)-4-phenyIphthalazine 
55 (25) l-{4-Cyanoanilino)-4-phenylphihaiazine 

(26) 1-(4-Acetylanilino)-4-phenyiphthalazine 

(27) 1-(4-TrifluoromethyIanilino)-4-phenylphthaIazine 

(28) 1-(3-TrifluoromethylaniIino)-4-phenylphthalazine 

(29) 1-(2-Trifluoromethylanilino)-4-phenylphthalazine 
60 (30) 1-(3-HydroxylaniIino)-4-phenylphlhaIaztne 



Compound No. 



Name of Compound 



(31) 1 -(2,3-DimethyIaniiino)-4-phenylphthaIazine 

(32) 1-(2,4-DimeihylaniIino)-4-phanyfphthajazine 

(33) - 1-{2,5-0imethylanilino)-4-phenylphtha!azine / 
5 (34) 1-(3,4-Dimethylaniiino)-4-phenylphthalazine 

(35) - 1-(2,5-Dicthylanilino)-4-phenyiphthalazine 
(35) 1-(2,5-Dipropylanifino)-4-phenyiph;haIazine 

(37) 1-(2,5-Dimethoxyanilino)-4-pheny!phthalazine 

(38) 1-(3.4-Dimethoxyanifino)-4-phenylphthalazine 
10 (39) 1-(2 f 5-DichforoaniIino)-4-phenylphthaiazine 

(40) V-(3.4-Dichforoanilino)-4-phenyIphihatazine 

(41) 1-(2,5-Difiuoroaniiino)-4-phenylphthaiazine 

(42) 1-(3-Chiorp-4-methylanilino)-4-phenyIphthatazine 

(43) 1-(2-Methyl-3-chloroanilino)-4-phenylphthalazine 
15 (44) 1-(2-M£ihyl-4-chIoioanilino)-4-phenylphtha!aziae 

(45) /I-(3-f/;thyt-4-ch!orani!ino)-4-phenyIphtha!azine 
(45) 1 -(3-Ftuoro-4-methylanilino)-4-phenyIphthalazine 

(47) 1-(2-Methoxy-5-methyfanilino)-4-phenyIphthaiazine 

(48) 1-(5-Chloro-2-methoxyaniiino)-4-phenyIphthalazine 

20 (49) 1-(2-Methyl-5-trif!uoromethylanilino)-4-phenytphthaIazine 

(50) 1-(2-Methoxy-5-trif]uoromethylanilino)-4-phenylph:halazine 

(51) 1-(2 f 4.6-Trimethylanilino)-4-phenyJph;ha!32ine 

(52) 1-(3,4.5-Trimethoxyaniiino)-4-phenylphthaiazine 

(53) 1-Aniiino-4-{4-methylphenyl)phthalazine 

25 (54) ■ 1-(4-MethYlanilino)-4-(4-methyiphenyi)ph;ha!azine 

(55) . 1-(4-Butylanilino)-4-(4-methy!phenyl)phthalazf.ne 

(56) - 1-(2.5-Dimethylanilino) r 4.(4-n:ethylphenyI)phihalazine * 

(57) 1-(3-Methoxyanilino]-4-(4-methylphenyl)phthalazine 

(58) 1-(4-Buioxyaniiino)-4-{4-methy!phenyl)phthalazine 

30 (59) 1-(2,5-Dimeihoxyanilino)-4-(4.methyiphenyl)phthaIazine 

(60) 1-(3-Ch(oroanilino)-4-(4-methylphenyI)phtha!azine 

(61) 1 -(3-Bromoaniljno)-4-{4-melhylphehyl}phthalazine 

(62) 1-(3-F!uoroaniiino)-4-(4-methylphenyl)phtha!azine 

(63) 4-(4-Methytpheny!)-1-(3-trinuoromethyJaniiiono)phthalazine 
35 (64)- 1-(5-Chloror2-methoxYani!ino)-4-(4-methyiphenyl)phth3lazine 

(65) 1 -(3-Ch!oro-4-methYiap.i!ino > - 4 -'4-^o»Kwi«u««..M«u»u^t.,;- = 

(66) 1-(4-Ethoxycarbonylanilino)-4-(4--methyJphenyi)phthaiazine 
* (67) l-Aniiino-4-(4-butylphenyl)phtha(azin3 

(68) 4-{4-ButyIphenyl)-1-(2.5-dimethy!aniIino)phthalazine 

40 (69) 4-{4-ButylphenYi , -1-(2.5-dimethoxYaniiinoiphihaiazine 

(70) 4-(4-ButyIphenyl)-1-(3-ch!cioanilino')phthaIazine 

(71) 4-(4-ButyfphenyO-1-(3-trifluoromethylanilino)phthalazine . 

(72) 4-{4-Butylphenyl)-1-{5-chloro-2-methoxyaniIino)phtha!azine 

(73) 1 - AniIino-4-(2.4-dimethyfphenyl)phtha]azine 
45 (74) 1-Anilino-4-(4-methoxyphenyf)phthaIazine 

(75) 1-(4-Butylanilino)-4-(4-methoxYphenyi)phrhala2ine 

(75) 1-(2.5-Dimethylanilino)-4-;4-methoxyphenyf)phthalazins 

77) 1-(2.5-DimethoxYanilino)-4-(4-metho)CYphenyi)phthafazine 

*n ™ yi^^^^^^^-l^^ethoxyphenyijphthalazine 

L /;j 4 ;^ eih ° x YP h ^^^^ 

81 1-{4;etho*yc^^^^ 

(82) 1-An)iino-4-(4-butoxypheny!) p hthalazine 

„ J"J 4 -^-Butoxyphenyl)-1-(2.5-d!methylaninno)phthalazine 

■ 4 - ,4 - Butox VPhenylJ-l-{2.5-dimethoxyaninnolphthalazine 

85 4-(4-Butoxyphenyl)- 1 -<3-chloroaniiino)phthalazine 

q ^ : 4 i ut0X YPhenyl)- 1 -<3-trifIuoromethyiani!ino)phthalazine 

oo f "^? Ut03 i Y ?i? envl1 " 1 - <5 - chter 0-2.methoxvahiUno)phihalazina ' 

iww) 1 -Ani!ino-4-(2.4-di,-nethoxyphenyi;phthaiazine 

60 (89). lr(2.5-DimeihYlannino)-4-(2.4^imethoxvohenvnnhth a i a T?n« ' 

Q? \ 1i ,5 ru me, ^ nl,in ° W 

llll !1^? h ' oroanilino, - 4 - {2 ' 4 - dim ethoxy P henyi)phthalazine 

ill] ?i*'*2' me ^^ 

'-l5-Chloro-2-methoxyannino)-4-(2>^dim9^ 



[94) 1-Ani!ino-4-(4-chIorophenyl)phthalazine 

(95) * 4-(4-Chlorophenyi)-1-(2,5-dimethylanilino)phthalazine 

96) 4-(4-ChlorophenYl)-1-i2.5-dimethoxYani!ino)phthala2ine 

97) 1-(3-Chloroanilino)-4-{4-chloropher.yl)-phthala2ine 

98} 4-(4-Chlorophenyl)- 1 -{3-trifiuoromethylaniIino)phthaiazine 

;99) r-(5-Chloro-2-methoxyanilino)-4-(4-chlo.ophenyl)phthalazine 

;iOO) 1-Ani!ino-4-(4-bromophenyi)phthaIazine 

[101) 1-Anilino-4-{4-fIuorophenyi)phthalazine . 

[102) 1-(2 f 5-Dimethylani!ino)-4-(4-fluorophenyl)phthaIazine 

[103) 1-(2,5-DimethoxYanilino)-4-(4-fiuorophenYl)phthalazine 

[104) 1-(3-CHloroaniIino) l 4-{4-fluorophenyl)phthalazine 

[105) 4-(4-Fluorophenyl)-1-{3-trifluoromethy1anilino)phthalazine 

[106) 1-(5-Chloro-2-methoxyaniIino)-4-{4-fluorophenyl)phthalazine 

[107) 1-Ani!ino-4-(4-€thoxYcarbonyIphenyl)phthalazine 

I10S) 1-(23-D : TiethyIanilino)-4-(4-etiiOAycarbonyi , pher.y!)phtha!azine 

[ 1 0$* 1 -(2,5-Dime'ihoxyaniIino)-4-(4-ethoxYcarbonylphenyi)phthaIazine 

; 1 1 0) , . 1-{3-Ch!oroanilino)-4-(4-ethoxycarbonyIpheriyl)phtha!aztne 

[11 1 ) 4^(4-Ethoxycarbonylphenyl)-1-(3-trifluoromethyIanilino)phthaIazin8 

[112) 1 -(5-Chloro-2-methoxyanilino)-4-{4-ethoxycarbonylphenyi)phthaIazine 

[113) 1 rAnilino-6-methyl-4-phenylphthaJazihe ' 

[114) 1 -Anilino-7-methyl-4-phenylphthalazine 

[115) 1-(23-0JmethylaniIino)-6-methyf-4-phenylphthalazine 

[116) 1-(2,5-Dimethylanilino)-7-methvd-4-phenyiphthaIazine 

[117) 1-(2,5-DimethylaniIino)-6-methyl-4-phenyiphthalazine 

[118) 1-(2,5-Dimethoxyaninno)-7-methyi^-phenylphthalazin8 
[ 1 19) 1-(3-Ch!oroorii!ino)-6-methyI-4-phenyiphthalazine 

[120) 1-(3-Chloroani!ino)-7-methyi-4-phenylphthaiaztn8 

[121) 6-MethyI-4-phenyl-1-{3-triRuoromethyianilino)phthaIazine 

[1 22) 7-MethyI-4-phenyl-1-{3-trifluoromethyfaniIino)phthalazine 

[ 123) 1 -(5-Chloro-2-methoxyani!ino)-6-methyl-4-phenyiphthaIazine 

[124} 1-(5-Chloro-2-methoxYani!ino)-7-methyl-4-pheny1phthalazine 

125} 1-Anilino-6.7-dimethyi-4-phenyiphthalazine 

126) 7-(4-ButyIani!ino)-6.7-dimethyf-4-phenyIphthalazine 

127) 1-(2,5-0imethylaniIino)-6,7-d;methyl-4-phenyIphthaIazine 

128) 1-(2.5-0imethoxYanilino)-6J-(iifnethyl-4-phenyIphthaIszina 

129) 1-{4-ButoxyaniIino)-6.7-dimethy!-4-pheny!phthaIazine 
[ 1 30) 1 -{3-ChloroaniIino)-6.7-dimethy1-4-phenyiphtha!azine 

[131) 67-Dimethyi-4-phenyl-1-{3-trifluorornethy!aniIino)phtha!azin9 ; 

[132) 1-{5-Chloro-2-methoxyanilino)-67-<Jtrne:hYM-phenYlphthalazin9 

[133) 1 -i3-Ch[oro-4-meihy!2ni!ino!-5,7-dimethyl-4-phony!phthaIazin9 

[134) 6.7-Dimethyf-1-(4-ethoxYcarbonylaniii.no)-4-phenyIphthaIazine 

[135) 1 -Aniiino-5,8-dimethyi-4-phenyIphthaIazine 

[136) 1-(3-CMoroani]ino)-5.8-dimeihy1-4-phenyIphtha!azine 

[137) 1-Anilino-6.7-dibutyl-4-phenylphthaIaztne 

[138) 1-Anilino-6.7-dimethoxy-4-phenyiphthaIazine 

[139) 6,7-Dimethoxy-1-(2,5-dimethvianiHno)-4-pheny!phthalazine 

[140) 6J-Dimethoxy-1-(2.5-dimetboxYaninno)-4-phenylphthalazine 
[141} 1-(3-ChiofoaniIino}-6.7-dimelhoxY-4-phenyiphlhaiazina 

[142) 6.7-DimethoxY-4-phenyl-1-(3-trifluoromethylanilino)phthalazine 

[143) lM5-Ch!oro-2-methoxYaniIino)-6.7Hi;met t ioxY-4-phenYlphthalazine 

[144) 1-(4-Butylani!ino)-6.7-<IimethoxY-4-phenvlphthaIazine 
[145} 1 -(4-Butoxyani!ino)-6.7-dtmethoxY-4-phenylphthalazine 

[146) 1-Aniltno-5.8-dimethoxy-4-pheny!phthaIazine 

[147) 1-Anilino-6 t 7-dibutoxY-4-phanytphthaIazine 

[148) 1-Anilino-6J-<Jichloro-4-phenylphthalazine 

[149) 6.7-Dichioro-1-{2,5-dimethYi3ni!inoH-phenytphthalazine 

[ 1 50) 6,7-Dichloro- 1 -(2.5-dimethoxYanilinol-4-pheriyiphthalazine 

[151) 1-(3-ChIofoanilino)-67-dichloro-4-phonyIph:halazine - 

152) 67-Dichioro^-phenyl-1-G-trifiuoromethyianiIino)phthalazine t -. 

1153) 1 -{4-Chloro-2-methoxyaniIino)T6,7-dichloro-4-phenyiphthalazine 

[ 1 54) 1 -Aniiino-5.8-dichloro-4-phenyf phthalazine 

[155) 1 TAnrlino-6-ethoxycarbonyi-4-phenyIphthalazine 

II 56) l-Anilino-6J-dimethyl-4-{4-fne:hv1phenyl)phtha!azine 

157) 1-{4-ButYlani!ino)-67sjir7ie;hy1^-(4.methYlphenyl)phth3lazinfl 

158) 67-OimethYl-1-{2,5-dImethyianiIino)-4.(4.methyiphenyi)phthaiazine 



(159) 67-Dimeihyi-l-l3-methoxYanilino)-4 : t4-methylphenyl)phtha azine 

( 1 60) 1 -(2.5-Dimethoxyanilino)-67-dimethyl-4-(4-methylphehyi '-c ithalazine 

(161) l-(3-Chloroar.ilino}-6,7-dimethYl-4-(4-m6thYlphenyl)phtha. P ai ne 

(162) 67-Dimethyl-4-{methylphenYl)-l-(3-trifluoromethylanilino:pl'tha]azine 

5 (163) 1-(4-Chloro-2-methoxYanilino)-6J-dimethyl-4-(4-methylpr.n^vl)ph:hafazine 

( 1 64) 6,7-DimeihyI- 1 -(4-ethoxycarbonY!anilinol-4-(4-methylphenyI)phthala2irie • 

(165) 1-AniIino-4-(4.-butYiphenyl)-6.7-dimethytphthalazine 

(166) 1-Anilino-6,7-dimethyl-4-(4-methoxyphenyl)phthalazine 

' (167) 6 ( 7-Dimethyl-1-(2.5-dimethy!aniIino)-4-(4-methoxyphenyl)phthalazine 
10 (168) 1-(2.5-Dimethcxyanilino)-6.7-dimethyI-4-(4-methoxYphenyl)phtha!azine 

(169) 1-(3-ChlcroaniIino)-6.7-dimethYl-4-(4-methoxYphenyl)phthalazine 

(170) 6.7-Dimethyl-4-(4-methoxYpheny!)-1-(3-trifluoromethylaniIino)phthalazine 

(171) 1-{5-Chloro-2-methoxYani!ino)-67-dimethyl^-(4-meihoxYphenyl)phthalazine 

(172) 1-Anilino-4-(4-butoxyphenyl)-6.7-dimethylphthalazine 

1 5 (1 73) 1-.Ani1ino-4-(2.4-dimethoxYphenyi)-67-dimethyiphthalazine 

(174) i-Anilino-4-(4-chlorophenyl)-6.7-dimethylphtha!azine. 

(175) l-(3-ChlofoaniIino)-4-{4-cWorophenyl)-67-dimethylphthalazine 

(176) 1-(3-ChIoro-4-me:hyiani!ino)-4-{4-ch!orophenyl)-6.7-dimethylphtha!azine 
(^77) i-Anilinor6.7-dimeihyl-4-(4-flubrophenyI)phthalazine 

20 (178) 1-Anilino-67-dimeihyl-4-(4-eihoxYcarbonylphenyl)phtha'lazine 

(179) 1-Ani]ino*6.7-dimethoxy-4-(4-methy!phenYl)phthalazine 

(180) 6.7-DImethoxy-1-(2,5-dime;hyianiIino)-4.(4-methylphenYUphthaIazine 

(181) 6!7-DimethoxY-1^23-dimethoxYaniIino)-4-{4-methY!phenyliphthaiazine 

(182) .ll(3-Chioroanilino)-67-dimethoxy^-(4-rriethy!phenyi)phtha!azine 
25 (183) 1-Anil5no-4-(4-buiylphenyI)-67-dimethoxYphthalazine ^ 

(184) l-Ani;ino-6,7-dimethoxy-4-(4.me:hpxyphehyl)phthal3zine ^ 

(185) ' l-Anilino-67-di"methcxy-4-(2.4-dimethoxyphenyl)phtha!azine 

(186) 1-Anilino-4-(4-chloropheny!)-67-d!methoxYphtha[azine 

(187) 1-Anilino-67-dimeihoxY-4-{4-fluoropheny!)phthalazine 

30 (188) i-Anilino-67-dimethoxY-4-(4-ethoxycarbonylphenYl)phthalazine*. 

(189) 1-Anilino-67-dichioro-4-(4-meihylphenyI)phth3lazine 

(190) 1-AniIino-4-(4-butylphenyl]-e,7-dichiorophthalazine ^ 

(191) l-Ani!ino-67KJichloro-4-(4-rre!hoxYphsnyl)phthalazine 

(192) 1-Ani(ino : 4-(4-butoxYphenYiJ-6.7-dichIorophthalazine 

35 (193) l-Anilino-S7^ichIoro-4-l2.4KJimethoxYphenyl)phtha!azine 

(194) 1-AniIino-4-(4-chlorophenyl)-67-dichIorophthalazine 

(195) l-Anilino-87-dichloro-4-(4-fluorophenyl)ph:halazine 

(196) * ■l-.Aninno-57-dich!oro-4-(4-ethoxycarbonylpheiiyl)phtha!azin8 

(197) 1-Anilino-4-(4-carboxyphenyi)phthalazine 

40 (198) 4-(4-CarboxYphenyiI-1-(2.5Hjimelhyianiiino)phthaIaztne 

(199) 4.(4-CarboxYphenyI)-l-(2,5-dimethoxvani!ino)phthaiazine 

(200) 4-(4-CarboxyphenyI)-l-(3chloroani!ino)Dhthalazine 

(201) 4-(4-CarboxyphenyI)-1-(3-trifiuoromethylanilino)phthalaztne 
1202) 4-(4-Carboxyphenyi)-1-(5-chIoro-2-methoxyaniiino)phthalazine 

45 (203) 1-Aailino-4-(4-hydroxyphenyi}phth3!azine 

(204) 1-(2.5 l Dimethy!aniIino)-4-(4-hYdroxYphenyI)phthai2zine 

(205) 1-(2.5-DimethylaniUno)-4-(4-hydroxyphenYl)phthalazina 

(206) 1-{3-Chloroanilino)-4-(4-hydroxYphenyl)phthalazine 

(207) 4.(4-Hydroxyphenyi)-1-(3-trifluoromethYlanilino)phthaIazine 
50 (208) 1-(5-Chloro-2-methoxyanillno)-4-(4-csrboxYphenyl)phthalazine 

(209) 1-(4-Acetylanilino)-4-(4-methyIpihenYl)phthalazine - x 

(210) 1-(4-Acety!aniiino)-67-dimethyl-4-phenyiphtha!azine 

(211) 1-(4-Methylphenoxy)-4-phenyIphthalazine 

(212) l-(3-Methylphenoxy)-4-phenylphthalazine 
55 (213) 1-(2-Meihylphenoxy)-4-pheny!phthalazine 

(214) 1.(4-EthytphenoxY)^-phenyfphtha!azine 

(215) ^ 1-(2-Ethylphenoxy)-4-phenylphthaIazine 

(216) 1-(4-n-Butylphenoxy)-4-phenYlphthalazine 

(217) T.(3-8utyiphenoxy)-4-phcr.yiph:hs!szir.3 
60 (218) 1-{4-t-BuryiphenoxY)-4-phenYlphtha!azine 

(219) 1-(4-MeihoxYphenoxy)-4-phenylphthalazin9 

(220) 1-(3-Methoxyphenoxy)-4*phenylphtha[azine ' , 

(221) rTo^ropoxYphenoxyJ^-phenylphthaiazine 

(222) 1-(3-Butoxyphen*xy)-4-pheny(phtha)azine 
65-, (223) 1-(4-Fluorophenoxy)-4-phenylphthaiazine 
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(224) 1 -(3-Fluorophenoxy)-4-phenylphthalazine 

(225) 1 -(4-ChIorophenoxy)-4-phenylphthalazine 
-{2261 1 -(3-ChIorophenoxyM-phenylphthalazine 

- (227). 1 -{2-Chlorophenoxy)-4-phenylphthalazine 

5 (228) 1 -(4-8romophenoxy)-4-phenylphthalazine 

(229) 1 -(3-Bromophenoxy)-4-phenylphthalazine 

(230) 1 -(3-lodophenoxy)-4-phenylphthalazine 

(23 1 ) 1 -(4-EthoxycarbonyIphenoxy)-4-phenylphthalazine 

(232) 1 -(4-CarboxYphenoxY)-4-phenyIphthal3zine 
10 (233) 1 -{4-Cyanophenoxy)-4-phenylphthalazine 

(234) 1 -(4-Acetylphenoxy)-4-phenyIphthalazine 

(235) 1 -(4-TrifIuoromethylphenoxy)-4-phenytphtha!azine 

(236) 1 -{3-Trifluoromethylphenoxy)-4-phenyfphthalazine 

(237) 1 -(3-Hydroxyphenoxy)-4-phenylphthatazine 
1"5- (238) 1 :2.3^T.e:hyIpher.oxy)-4.phcnylph:halazins 

(239) 1 -{2.5-Dimethy!phenoxy)-4-phenylphthalazine 

(240) l-(2.5-DiethyIphenoxy)-4-phenylphthaiazine 

(241) 1 -(2.5-Dipropy!phenoxy)-4-phenyJphthalaztne 

(242) l-(2,5-Dimethoxyphenoxy)-4rphenylphthalazine 
20 (243) 1-(3.4-DimethoxyphenoxyJ-4-phenylphtha!azine 

(244) - 1 -(2.5-Dichlorophenoxy)-4-phenylphthaIazine 

(245) 1-(2.6-Dichiorophenoxy)-4-phenylphthaIazine ■ 

(246) < 1 -(2,5-DifIuorophenoxy)-4-phenyIphihalazine 

(247) 1 -(3-Chioro-4-methyfphenoxy)-4-phenyIphthalazine 
25 (248) 1-(3-Methyl-4-ch!orophenoxy)-4-phenylphtha!azine 

(249) 1-(3-Fluoro-4-methyIphenoxy)-4-phenylohtha!azine 

(250) l-(2-Methoxy-4-chlorophenoxy)-4-phenylphthalazine 

(251) 1 -(2-Meth"oxy-5-methyfphenoxy)-4-phenyIphthaia2inee 

(252) 1 -(2-Meihyl-4-trifiuoromethylphenoxy)-4-phenylphthalazine 
30 (253) 1 -(2.4,6-Trimethylphenoxy)-4-phenytphrIialazine 
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Process for preparation of the compound (I) 

The compound represented by the formula [l] can be prepared according to any suitable process, 
which is not particularly limited. Preferably, however, the compound (I) can be synthesized by the 
following reaction route: " - . 
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In the above formulae. X* represents — NH 2 or OH: Y a halogen atom (e.g.. chlorine, bromine or 
iodine), a group of the formula: — S(0> 0 — R 4 (p=0— 2. Ft* is a C,_ s alky), phenyl or a substituted phenyl) 
or a group of the formula: — OH 5 (R 5 is a C,_, alkyk. phenyl or a substituted phenyl); and all of the ether 
symbols have the same meanings as de'Ined above. 

According to this process, the starting compound represent' 1 by the formula (II). namely 1 -chloro- 
4-phenyiphthalazine or its derivative. -is allowed to react with a b derivative represented by the 
formula (III), in either the presence or absence of a solvent, preferably in t.ie presence of a catalyst, to 
prepare a 4-phenylphthaIazine derivative represented by the formula [ll. 

The starting materials, i.e.. 1-cho!oro-4-phenyiphthaIa:ine .[ll] or derivatives thereof were 
synthesized according to the method as described in Journal of Pharmacology 86, 576 (1966) or ;hs 
methods similar thereto. 

As the benzene derivative [ill] to be reacted with the compound (II) as mentioned above, there 
may be employed suitable substituted anilines or substituted phenols. 

The reaction temperature may be in the range from -20 to 250°C, preferably from -10 to 
1 80 C C. The reaction time may be from 5 minutes to 24 hours, preferably from 10 minutes to 1 0 hours. 

When a catalyst is to be employed, there may be used an organic base such as ammonia, 
tnethylamine. piperidine or pyridine, or an inorganic base such as sodium carbonate, potassium 
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carbonate, sodium hydroxide, potassium hydroxide, sodium hydride or sodium ami je may be added at a 
molar ratio relative to the compound (II) in the range from 0.5 to 5, preferably frorf 1 to 3. Alternatively, 
ic is also possible to use a metal such as copper, magnesium, cadmium, sodium or ootassium. at amoiar 
ratio relative to the compound (II) in the range from 0.001 to 2, preferably from 0.U.1 to 1.5. 

■ When a solvent is to be employed, there may bs used a solvent selected from ethers such as ethyl 
ether, tetrahydrofuran, and'aicxane; halogenated alkanes such as chloroform, methylene chloride, etc.; 
alcohols such as methanol, ethancl. etc.; aromatic hydrocarbons such as benzene, toluene, xylene', etc.'; 
amides such as de_methylformamide. dimethylacetamide, etc.; and dimethylsulfoxide; and so on. 

The compound (III) may be used in an amount of 0.5 to 30 moles, preferably 1 to 20 moles, per 
mole of the compound (II). 

After completion of the reaction, the reaction mixture may be poured into a large excess of water 
or dissolved as such in a solvent such as chloroform to be neutralized therein.' If desired, the precipitated 
crystals may be collected by filtration after concentration, or alternatively the product may be extracted 
with a suitable solvent such as chloroform when there is no precipitation, followed by recrystallization or 
chromatography accorHing to conventional procedures. 

The present invention is further illustrated by the following Examples, by which the present 
invention is not limited. 
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EXAMPLE 1 

Synthesis of U(4-meihy(aniIlno}-4-phenyfphthaiaZ!ne (Compound No. J) 

To 2.41 g of 1-chIoro-4-phenylphthalazine. there were added 5.35 g of p-toluidine and 70 mg of 
copper powders. The mixture was then subjected to stirring under heating for one hour while 
maintaining the reaction temperature at 1 00°C. After the reaction mixture was left to cool, a large ' 
excess of chloroform was added thereto. The resultant insolubles were filtered off and the filtrate was 
washed with a 5% aqueous sodium hydroxide and then with water. The organic layer was dried and 
concentrated, and the residue was recrystallized from ethanol to give 910 mg (yield: 29%) of pale 
yellow crystals. 
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m.p.: 185 — 1S6 3 C. 

I.R.; 1630 cm-\ 1510 cm" 1 . 1410 cm" 

M.S.: 310 {rvT— 1) 



30 EXAMPLES 2 — 30 " 

The compounds as shown in Table 1 were synthesized according to the methods similar to 
Example 1. 
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TABLE 1 



Example 


Compound 
No. 


m.pyc 


1 R/cm 1 


■ M.S. 


2 


(2) 


202 -* 203 


3270, 1575, 1520 
1410,790 


310 (M±-1) 


3 


0> 


188 


3200, 1500, 1400 
1200, 755 


311 (M+) 
296 


4 




206 ~ 207 


2990, 1625, 1520 
1420, 780 


324 (W^-1) 


5 . 


(6) 


189 ^ 190 


2860, 1620, 1520 
1420, 780 


353 (M+) 
310 


"6 


(9) 


206 ~ 207.5 


2350, 1640, 1510 
1420, 1240, 785 


327 (M+) 
312 


7 


(10) 


196 


3000,' 1610, 1500 
' 1400, 1155, 780 


325 (M±1) 


8 


(12) 


168.5^ 169 


2950, 1620, 1505 ■ 
. 1410, 1240, 790 ' 


'369 {MY 
. 312 


9 


(13) 


206 ~207 • 


3050, .1620, 1520 
1410,1220,780 - 


314 (M-1) 


10 


(14) 


239 240 


3230, 1620, 1520 
1400, 1140, 790 - 


.314 (M±-1) 


. 11 


(16) 


193 ~ 194 


1620, 1580, 1500 
1400, 820, 770 


! (M*> 


< 12 


(17) 


191 ~ 194 


1600, .1510, -1420 
1390, 770 




13 - 


(18) 


170~171.5 


3440, 1600, 1520 
1400, 1040, 760 


332 ' 


14 


(19) 


219 ~222 


3000, 1625, 1510 . 
1400, 820, 760 


3 7 74 !tMll) 


15 


(23) 


236-^ 237.5 . 


30 CO, 1720, 1615 
1520, 1410, 1280- 


368 ^ 


i c 
I 0 


(25) 


240 " 242 J5 


3360, 2210. 1610 
1510, 14« , 790- 


321 (M±-1) 


17 


(26) 


247^ 248.5 


3400, 1680, 1600 
1520, 1400, 1280 


338 (M^1) 


18 


(28) 


174 175.5 


3040, 1630, 1520 
1410, 1340, 1100 


364 (W±1) 



TABLE 1 (Continued) 



' Example 


Compound 
" No. 


m.p./'C • 


I R/cm 1 


M.S. 


. 19 


. (31) 


240 <*> 242 


3200, 1520, 1415 
790, 770 


325 (M + ) 
- 310 


20 


(32) . 


206.5 —207.5 


3400, 1500, 1400 
810, 780 


325 (M+) 
310 


21 


(33) 


202 ~ 203.5 


3200, 1500, 1400 
810, 780 


325 (M + ) 
310 . 


22 


(34) 


204— 204,5 


3200, 1510, 1420 
790, 770 


324 (MA1) 


23 


(37) 


215 ~ 216 


3440, 1610, 1520 
1430, 790 , 


357 (M 4 ) 
326 


24 


(43) 


217 


1590, 1510, 1410 
760, 700 




25 


. (44) 


232 - 232.5 


3400, 1490, 1400 
820, 7e0, 700 


3 3 : 7 5 i(M-) . 


26 


(42) 


171-172 


3000,: 1610, 1500 
; 1400, 775, 700 




27 


(47} 


129 ~132 


3450, 1530, 1430 
1230, 790, 710 


, 341 (M*) 
310 


23 * 






1600, 1500, 1420 
1220, 790, 780 




29 . 


(51) 


200— 202.5 


3200, 1500, 1400 * 
780,700 


. 339 (M + ) 


30 


(24) 


250< 


3360, 1680, 1600 
1520, 1410, 780 


3*0 (M±-l) 



EXAMPLE 31 

Synthesis of 1 J2-methyfphenoxy)^phenYfphthai3zine 
(Compound No. 2 J 3) 

To 1.20 g of 1-chforo-4-phenyIphth3lazin9. there were added 5.40 g of o-cresol and 360 mg of 
potassium hydroxide. The resultant mixture wcs subjected to stirring under heating for 2 hours, while 
maintaining the reaction temperature at 100°C. After tha reaction mir'ure was poured intd 12 m! of an 
aqueous solution having 3.6 g of potassium hydroxide dissolved ther n the crystals precipitated were 
recovered by filtration. The crude crystals were dissolved in chloroform, washed with water, dried and 
concentrated. Thea residue was re crystallized from ethano!-n-hexane to give 725 mg (yield: 46%) of 
white crystals. 

m.p.: 136.5— 137.5°C. 
I.R.: 1490 cm"*. 1385 cm"M 230 crrT\ 

1190 cm"\ 790cnrr\ 750 cm" 1 . 
M.S.: 312 (M'J 

EXAMPLES 32—44 

According to procedures similar to that as described in Example 31, there were synthesized the 
compounds ss shown in Table 2. 
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TABLE 2 



Example 


Compound 
No. 


m.p./'C 


! R/cm x 


M.S.. 


32 


(212) 


148 —150 . 


' 1490, 1390 t 1250 
1165, 800, 770 - 


312 (M*) 
295 


33 


(214) 


171 .5 — • 1 72 


1510, 1385, 1210 
850, 770, 700 


326 (M + ) 
311 


34 


(218) - 


211 ~ 212.5 


2970, 1500, 1390 
1230, 790 . 


354 (M + ) 
339 


35 ■ 


(21?) 


163 - 164 


1510, 1390, 1205 
,1030, 850, 700 


328 (M*) 
.121 


35 


(227) 


171 ~ 172 


1550, 1480, 1380 
1230, 790, 780 


297 I (MM) 


37 


.(228) 


. 179 ~ 180 


1490, 1380, 1220 
.1010,790 


376 |(M+) 
378 


38 


(234) 


139 - 141 .5 


■ 1700, 16 00, 13 80 
1220, 850, 800 


340 I -M*l 

325 ** M - ' 


39 


(236) 


119 ~> 12: 


1450, 1385, 1330 
1170, 1120, 900 


365 (M + ) 
355 


40 


(225) 


149 ~ 149,5 


1595, 1380, 1220 
890, 795, 700 . 


332 l(M V ) -. ' 
334 


41 


(239) 


153 ~ 155 '. 


1570, 1385, 1250 
1120, 770 


326 (M + ) 
309 


42 


(248) 


1 55.5 ~* 1 56 


1 i nn thrift i - 

1 480, 1 390, 1 24U 
1170, 1 050 ,' 790 


348 l(M > 


43 


(244) 


175.5 -v.1 76 J 


1530, 1470, 1355' - 
1220, 1090, 770 


• 365 (M^1) 
. 331 


44 


(245) 


210^ 210.5 


: 1450. 1380, 1360 . 
1240, 770 


366 (MV 
331 



EXAMPLE 45 

Synthesis of t-(3~chforo8n/finol~4-{4'methyIpheny!Jphthafazine {Compound No. 60) 

To 1 72 mg of 1 -chloro-4^4-methyiphenyT/phthalazine. there was added 3 1 9 mg of m- 
5 chloroaniline. and the resultant mixture was heated at 100°C with stimnp jr one hour. After the - 5 
reaction mixture was left to cool to room temperature, 3 large excess of dfui vi"w*m was added there;o. 
followed by washing with a 5% aqueous sodium hydroxide and then with water. Tne organic layer was 
dried and subjected to concentration. The residue was recrystailized from ethanol to give 145 mg (yield: 
62%) of pale yellow crystals. 

10 m.p.: 211.5— 212°C. 10 

I.R.: 595 cm-', 1510cm" 1 . 1475 cm M , 

* ■ , 1405 cm- 1 . 770 cm' 1 . 

M.S.: 345 (M*). 343 (M*). 344. 



EXAMPLES 46—109 

15 The compounds as shown in Table 3. having the following formula: 15 
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Pharmacological tests: 

Artery bleed of a rabbit was subjected to centrifugation to obtain platelet rich plasma. To an 
aliquot of 250 p\ oi the plasma, there was added 5 u\ of each pharmaceutical sc lu ion. After incubation 
for two minutes, platelet aggregation was induced by adding 3 //g of coiiagen t<= ire mixture. The 
5 change in platelet aggregationn was monitored and recorded by means of an aggrugometer for 1 0 
minutes. 

The platelet aggregation inhibitory percentage was calculated by the.lollowing formula:, 

Tc-T. 

Inhibitory percentage = — = — = — — x 100 

T e 

' wherein T c is the degree of aggregation when only a solvent is added and T 4 is that when a 
10 pharmaceutical solution is added. 

Table 4 shows inhibitory percentages at indicated mole concentrations for each compound. As 
apparently seen from the results, among these compounds, the aniltnophthalazine derivatives are 
generally found to have more potent activity than the phenoxyphthalazine derivatives. 
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TABLE. 4 (Continued) 
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Safety 

Each of the compounds according to the present invention was found to be very low in toxicity, 
namely not less than 5000 mg/Kg in terms of L0 M as measured by oral administration for mouse. 

5 CLAIMS " 

1 . A 4-phenylphthalazine derivative represented by the following formula z ^armaceutically 
acceptable salt thereof: 




wherein X stands for NH or 0; R' an alky! group having 1 to 5 carbon atoms, an alkoxy group having 1 to . 
5 carbr.i atoms, a halogen atom, an alkoxycarbonyl group having 2 to 6 total carbon atoms, a carboxyl 
group, a cyano group, an a!ky!carbonyl group having 2 to 4 total carbon atoms, a hydroxy! group or a 

.5 trifluoromethyl group; R J and R\ which may be identical or different (may also be the same as or 5 
. different from R 1 ), each represent an alkyl group having 1 to 5 carbon atoms, an alkoxy group having 1 
to 5 carbon atoms, a halogen atom, an alkoxycarbonyl group having 2 to 6 total carbon atoms, a 
carboxyl group, an alkylcarbonyi group having 2 to 4 total carbon atoms, a hydroxy! group or a 
trifkioropm e th yl group; and. each of /, rp and n is an integer of zero to 3 (pro vide d t h a : /= 1 1 0 3 a n d 

10 m=n=zero when X is 0, and the case where !=m=n=zero is excluded when X is NH), each plural 10 
. number of R', R J and R 3 being identical or different when the integers I, m and n are two or more, 

2. A 4-phenylphthaIazine derivative according to Claim 1 . wherein X is NH. 

3. A 4-phenylphthaIazine derivative according to Claim 2, wherein I. m and n are one combination 
selected from the following combinations (1) to (4): 

15 (1)1=1 to3.m=n=zero; 15 

(2) l=1 to 2/m=1 to 2. n=zero; 

(3) 1=1 to 2, m=zero, n=1 to 2; and 

(4) l=m=zero. n=1 to 2. 

4. A 4-phenylphthalazine derivative according to Claim 3, wherein 1=1 to 3 and m=n=zero. 

.20 5. A 4-phenylphthaIazine derivative according to Claim 3, wherein 1=1 to 2, m=1 to 2 and n=zero. 20 

6. A 4-phenylphthalazine derivative according to Claim 3. wherein 1=1 to 2, m=zero and n=1 to 2. 

7. A 4-phenyIphthalazine derivative according to Claim 3. wherein !=m=zero and n= 1 

8. A 4-phenylphthalazine derivative according to Claim 1 . wherein X is 0. 

9. A 4-phenylphthalazine derivative according to Claim 8. wherein !=1 to 3 and m=n=zero. 

25 10. A 4-phenyIphthalaz;ne derivative according to Claim 9, wherein 1=1 to 2. 25 

11 . A 4-pr>eny!phtVia!azine derivative according to Claim 1 . wherein R 1 is 2n alky! group having 1 
to 5 carbon atoms, an alkoxy group having 1 to 5 carbon atoms, a halogen atom or 5 trifluormethyl 
groupi 

12- A 4-phenylphthalazine derivative according to Claim 1 ..wherein R 2 is an alkyl group having 1 
30 \o 5 carbon atoms, an alkoxy group having 1 to 5 carbon atoms or a halogen atom. 30 

13. A 4-phenylphthalazine derivative according to Claim 1 , wherein R l is an alkyl group. 

1 4. A process for preparing a 4-phenylphthalazine derivative represented by the following formula : 





wherein X stands for NH or 0; R 1 an alkyl group having 1 to 5 carbon atoms, an alkoxyy group 
having 1 to 5 carbon atoms, a halogen atom, an aikoxycarbonyl group having 2 to 6 total carbon 35 
atoms, a carboxyl group, a cyano group, an alkylcarbonyi group having 2 to 4 total carbon atoms, a 
. hydroxyl group r a trifluoromethyl group; R l and R 3 , which may be identical or different (may also 
be the sam as or different from R 1 ), each represent an alkyi group having 1 to 5 c?rH?n atoms, an 
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25 



olkoxy group having 1 to 5 carbon atoms, a halogen atom, an alkoxycartnnyl group having 2 to b 
Sa carbon atoms'a carboxyl group, an alkylcarbonyl group having 2 to 4 total carbon atoms, a . 

^-oxy! 5 rcuporatr;f!ucromcth^ . . , 

' ior^ to3 andm«nizarowhan X is 0. and the case wh, re l=m=n=zero -s excluded 

. when X is NH), each plural number of R\ R» and R 3 being identical or tiff- .rent when tho integers I. 

m and n are two or more, 
which comprises allowing a compound of the formula: 





Y represents a halogen atom, a group of the formula: — S(0) p — R 4 , in which p=0— 2, R is a C,_ 8 
i 0 alkyl- phenyl or a substituted phenyl or a group of the formula: —OR 8 , in which R 5 is a C,. 5 alkyl, 

phenyl or a substituted phenyl; R l . R\ m and n have thb same meanings as defined above, 
to react with a compound of the formula: 



10 



wherein X' represents* — NH 2 of OH, and R 1 and I have the some meanings as defined above. 
15 1 5. A process as claimed in Claim 14 and substantially as hereinbefore described with reference 
!o Examples 1 to 109. t , n . 

16. 4-phenylphthalazine derivatives when prepared by a process as claimed in Claim 1 4 or i d. 
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ST segment change in the same model, and it improved 
acute myocardial ischemia in anesthetized dogs with 
partially occluded coronary arteries by dilating the 
large conductive coronary artery (Isono et al., 1993b). 
This evidence regarding the action of these guanylate 
cyclase activators and the finding that E4021 relaxes 
isolated coronary arteries, as noted previously by Saeki 
et al. (1993), seem to support the possibility outlined 
above. 

Other mechanisms underlying the action of E4021 
on myocardial ischemia may be related to the reduc- 
tion in -the heart preload and afterload. It is well 
established that nitro vasodilators induce vasodilata- 
tion, with a consequent reduction of left ventricular 
end-diastolic pressure and end-diastolic volume (Silber, 
1990). FK409 decreases venous return in anesthetized 
dogs (Yamada et al., 1991). Zaprinast was shown to 
attenuate ST segment elevation on the electrocardio- 
gram and the increase in left ventricular end-diastolic 
pressure induced by ventricular overdrive pacing in 
conscious rabbits (Szilvassy et al., 1993). This result 
suggests that the protective effect of the phospho- 
diesterase type V inhibitor on myocardial ischemia may 
be associated with a decrease in preload. We observed 
that E4021, like isosorbide dinitrate, causes a dose-de- 
pendent reduction in left ventricular end-diastolic 
pressure in anesthetized dogs (unpublished data). The 
. decreased venous return after E4021 administration 
leads to reduced cardiac size and work. In the present 
study, we also found that E4021 decreased mean arte- 
rial pressure in a dose-dependent fashion, indicating a 
reduction in afterload. The decreased preload and 
afterload may improve myocardial ischemia, as a con- 
sequence of lowering the oxygen requirement of the 
heart. However, we have no decisive evidence concern- 
ing the cardiohemodynamic mechanism that underlies 
the ameliorating action of E4021 on myocardial is- 
chemia in the present experimental models. 

In conclusion, the results of the present studies 
suggest that E4021 may be useful in the treatment of 
angina pectoris, as a drug to be administered orally like 
the nitro vasodilators. Nitro vasodilators, however, de- 
spite being very effective for the treatment of ischemic 
heart disease, exhibit the serious problem of clinically 
attenuating the antianginal effect, i.e., tolerance devel- 
ops (Leier, 1985). This tolerance may be related to the 
guanylate cyclase activation pathway (Ignarro et al., 
1981). Saeki et al. (1993) have shown that E4021 does 
not affect guanylate cyclase activity. We would there- 
fore expect that the phosphodiesterase type V inhibitor 
would have an advantage over nitro vasodilators in this 
regard. In any case, further investigations are necessary 
to clarify the mechanism responsible for the anti- 
ischemic action of E4021 and to determine the clinical 
effectiveness of this drug in the treatment of ischemic 
heart disease and other conditions. 
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